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Supplementary Material

Supplementary Material 1. NIST/QIBA diffusion phantom (A) and detailed information about

the phantom and preparation method for temperature stability (B)

A

(B) A spherical phantom measuring 194 mm in diameter housing 13 vials (30 mL) filled with varying
concentrations of polyvinylpyrrolidone (PVP, [0, 10, 20, 30, 40, and 50% w/w]) was tested. The central
vial was filled with pure water (0%), and two arrays of vials containing PVP solution ranging from 0%
to 50% consisted of the inner ring and outer ring. PVP solution was used to generate physiologically

relevant apparent diffusion coefficient (ADC) values, and a higher concentration of PVP resulted in a



lower ADC value. Considering the temperature sensitivity of diffusion properties, the ADC value of
each PVP concentration at 0°C verified by the National Institute of Standards and Technology was
used as reference standard. To obtain homogeneity and stability of the phantom temperature during
the test, the space between the cylinders was filled with crushed ice and tap water prior to scanning
over one hour according to the instructions provided by the Quantitative Imaging Biomarker Alliance.

The phantom was maintained at approximately 0°C during the scanning.



Supplementary Material 2. Details of analytical method of the image quality assessment software

The quantitative analysis of DWI was performed by measuring the ADC values from volumes-
of-interest (VOIs) derived from circular regions of interest (ROIs) measuring 19.6 mm in diameter on
five slices. ADC maps were created from multiple DWI b-value pairs, and for the clinical DWI protocol,
b-values of 1000 and 0 s/mm? were used. ADC map was created using mono-exponential model. The
reference standard for the ADC value of each PVP concentration was the NIST-verified value provided
by the QIBA profile. The analytical method used in the commercial software was identical to the
standard analysis software provided by the Quantitative Imaging Data Warehouse (QIBA QIDW,
rsna.org/qidw). QIBAphan, open-source DWI phantom QC analysis software provided by QIBA
QIDW, can be accessed online at https://bit.ly/2QXLo3e. QIBAphan converts QIBA DWI data from
classic DICOM format into uniform data structures for generating QC statistics. Users select ROI
centers in each slice of the DWIs, and the software automatically generates statistics on the ADC values
across the VOIs. QIBAphan provides a QC report that includes processed output ROI statistics and

performance metrics in CSV files.



Supplementary Material 3. Details of items for image quality assurance and scale

Low SNR: Visualization of anatomical features in tissues of interest at all b-values was evaluated:
unacceptable, poor SNR at all b-values with anatomical features are lost; acceptable, minor deterioration of
image without disturbing visualization of anatomical structure; ideal, identification of all anatomical structures

with accurate structure

Ghost/parallel imaging artifacts: The presence of the discrete ghosts from extraneous signal sources along
the phase-encode direction obscuring the tissue of interest was evaluated: unacceptable, presence of artifact
creating erroneous ADC value; acceptable, minor artifact without disturbing assessment of performance

parameter; ideal, visualization of anatomical features in tissues of interest and no artifact

Severe spatial distortion: Severe spatial distortions affecting ADC values and the apparent size/shape/volume
of tissues of interest were investigated: unacceptable, severe distortion altering apparent size/shape/volume of
tissue of interest; acceptable, minor distortion without significant modify of shape of tissue; ideal, no distortion

of tissue of interest

Eddy currents: Blur or spatial misalignment between low and high b-value diffusion-weighted imaging (DWI),
particularly at the edges of anatomical features, was evaluated: unacceptable, blur of anatomy causes and
erroneous measurement of ADC value; acceptable, minor spatial misregistration only affecting the edge of the

lesion; ideal, no evidence of blur or spatial misalignment in all images

Fat suppression: Superposition of unsuppressed fat signal on the tissue of interest was assessed: unacceptable,
unsuppressed fat signal spatially shifted obscuring the tissue of interest and renders ADC meaningless in tissue
superimposed by a residual fat signal; acceptable, minor detrimental chemical shift artifacts not affecting

tissue of interest; ideal, complete suppressed fat signal onto tissue of interest

Motion artefacts: The presence of cerebrospinal fluid (CSF) pulsation in the ventricles or cardiac pulsation
near large vessels and the brainstem was assessed: unacceptable, motion artifact contributes to blurring image
and erroneous signal leading to unpredictable ADC values; acceptable, minor artifact without disturbing

assessment of tissue of interest; ideal, no motion artifact in the image



Nyquist ghost: Duplication of an anatomical structure or distortion of an image occurring in the phase
encoding direction was evaluated. Unacceptable, artifact presence of artifact disturbing recognition of
anatomical structure and obscure tissue of interest leading to unpredictable ADC values; Acceptable, minor
artifact without disturbing assessment of performance parameter; Ideal, Visualization of anatomical features

in tissues of interest and no artifact



Supplementary Figure S1. The phantom data analysis reports using QIBA acquisition protocol. The
report comprises a table presenting ADC VOI (Volume of Interest) statistics and graphs include ADC value
vs. Axial position showcasing the ADC values of each vial at specific axial positions, NIST ADC value vs.
measured ADC value comparing NIST (National Institute of Standards and Technology) ADC values with
measured ADC values to assess the correlation between the two values, and NIST ADC value vs. within-
subject Coefficient of Variation (wCV) displays the relationship between NIST ADC values and within-
subject Coefficient of Variation (wCV). These analyses are conducted for four different MRI systems: (A)

Architect, (B) Ingenia, (C) Vida, and (D) Avanto.



ADC VOI Statistics

Label Contents # Voxels NIST Value Mean Bias  Bias Percent Max B-Value Dependence SNRBO SNRB500 SNR B1000 SNR B1500 SNR B2000 RC Random Error wCV
um”2/fs um*2/s um*2/s um"2/s % (associated b-value pair) um”2fsec % %

Vial 1~ Limits abs() absf) <=36 <2 >=50 <=15 <=36 <=

<=40 05

(D water 12064 1127 1222 48 -04 0.31 (500, 2000) 1052 979 86.0 791 63.2 3.51 048 01
@ water 12064 127 11382 N2 1.0 0.21 (500, 1500) 532 B4.5 65.5 66.5 80.5 373 0.88 012
(3 pvpsD 12064 128 158.4 304 237 32.50 (500, 2000) 395 683 81.8 84.7 864 463 6.51 1.06
(@) pypd0 12084 248 2838 358 14.5 9.19 (500, 2000) 4.5 1054 nio 180 1104 4.04 205 051
@ PVP30 12064 403 4196 166 41 0.64 (500, 1000) 1073 1527 1655 7.2 167.5 154 0.95 013
@ PVP20 12064 607 600.6 -6.4 % 3.97 (500, 2000) 1225 1761 183.1 1804 1586 209 061 033
@) PvPiD 12064 843 8444 14 02 2.93 (500, 2000) 1071 1507 1374 1296 1159 054 048 0.02
@ PVP50 12064 128 1158 -122 -9.5 7.96 (1000, 2000) 634 1228 1512 163.0 163.2 356 599 11
(9) Pvpan 12064 248 2683 203 82 9.66 (500, 2000) 850 1265 1537 161.7 163.0 197 1.97 027
PVP30 10556 403 4318 288 71 1.87 (500, 2000) 1077 1348 1435 150.5 1480 0.68 092 0.06
(1) pvp20 12064 607 6035 -35 -06 2.02 (500, 2000) 800 753 614 57.0 54.5 10.59 086 063
@ PVP10 11310 843 853.5 105 13 0.13 (500, 1500) 616 556 512 483 49.9 585 073 025
@ water 12064 127 11364 94 08 0.66 (500, 2000) 1174 1330 1208 996 774 7.10 049 023
J
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ADC VOI Statistics

Label Contents # Voxels NIST Value Mean Bias Bias Percent Max B-Value Dependence SNRBO SNR B500 SNR B1000 SNR B1500 SNR B2000 RC Random Error wCV
um*2/s um*2fs um*2fs um*2/s % (associated b-value pair) um”2/sec % %
Vial 1 - Limits abs() abs() <=36 <2 >=50 <= 15 <= 36 <=
<= 40 05
@ water 12064 1127 11015 -255 -23 0.60 (500, 2000} 56.0 63.7 694 68.1 58.6 8.51 0.67 0.28
@ water 12064 2y 11120 -150 =13 1.99 (500, 2000} 48.2 523 519 50.7 46.5 223 0.56 0.07
@ PVP50 12064 128 153.7 257 201 21.59 (500, 2000) 473 53.1 56.0 56.7 59.7 422 3.06 0.99
@ PVP40 12064 248 2453 27 -1.1 1.01 (500, 1500} 539 601 639 6.9 68.6 434 177 0.64
@ PVP30 12064 403 399.5 -3.5 -0.9 7.46 (500, 2000} 57.3 652 682 69.5 1.8 5.44 0.80 049
@ PVP20 12064 607 5934 -136 -22 1.26 (500, 2000} 515 56.0 58.1 59.0 59.2 4.08 0.56 025
@ PVP10 12064 843 8323 107 -13 1.72 (500, 2000} 59.1 621 64.0 63.0 61.7 228 047 010
PVP20 12064 128 1335 5.5 43 22.20 (500, 2000) 44.8 494 521 54.0 56.0 310 362 083
@ PVP40 12064 248 2420 6.0 -24 1.19 (500, 1000} 422 494 520 54.1 554 3.83 227 057
PVP30 12084 403 %41 -89 -22 2.65 (500, 2000} 50.5 53.3 56.1 575 59.5 451 079 041
@ PVP20 12064 607 5915 -155 -26 1.65 (500, 2000} 500 534 56.0 58.0 60.8 6.07 0.57 037
@ PVP10 12064 843 8257 -173 -21 0.45 (500, 1500} 43.0 449 463 47.9 48.1 4.59 041 0.20
@ ‘water 12064 127 11190 -8.0 -0.7 0.80 (500, 2000} 54.2 58.9 62.1 64.0 60.0 845 0.49 027
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ADC VOI Statistics

Label Contents # Voxels NIST Value Mean Bias  Bias Percent Max B-Value Dependence SNRBO SNR B500 SNR B1000 SNR B1500 SNR B2000 RC Random Error wCV
um*2/s um*2/s um*2/s um*2/s % (associated b-value pair) um*2/sec % %
Vial T - Limits abs() absf) <= 36 <2 == 50 <=15 <=36 <=
<= 40 o5
@ water 12064 1127 11034 -236 -21 0.06 (500, 2000) 2301 181.2 1417 103.7 64.1 031 0.61 0.01
(@ water 12064 1127 11039 -231 -2 1.10 (500, 2000) 1071 943 834 64.1 469 3.92 0.86 013
@ PVPS0 12064 128 1289 09 o7 6.53 (500, 2000) 86.7 125.5 1372 1391 1337 337 4.24 094
@ pvpao 12064 248 2434  -46 -1.8 0.56 (500, 1000) 1549 2170 2163 2029 1911 1.50 121 022
@ PVP30 12064 403 4072 42 1.0 1.57 (500, 2000) 2199 2728 2422 2169 1840 229 073 0.20
@ PVP20 12064 607 6047 -23 -04 0.59 (500, 2000) 2179 2678 241.2 2014 160.7 142 052 0.08
@ PVP10 12064 843 8393 37 -04 0.65 (500, 2000) 1602 1737 146.2 116.5 817 214 0.63 0.09
(8) pwPsO 12064 128 1345 65 5.1 9.51 (500, 2000) 816 1200 1220 1244 1205 154 4.19 041
@ PVP40D 12064 248 2567 87 35 1.29 (500, 2000) 1976 2441 2522 2295 2204 1.49 0.94 021
PVP30 12064 403 4023 -07 -02 0.30 (500, 1000) 2092 2510 2535 2384 2167 1a7 0.65 o.10
@ PVP20 12064 607 61001 31 05 0.52 (500, 2000) 1795 2060 1859 168.3 1423 0.67 0.47 004
PVP10 12064 843 8437 07 01 0.44 (500, 1500) 1018 1054 1037 971 824 2.26 0.54 0.10
(33) water 12064 1127 11354 84 07 1.28 (500, 2000) 1422 1229 99.9 730 454 473 0.80 015
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Vial 1 - Limits
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ADC VOI Statistics

Label Contents # Voxels NIST Value Mean
umr2/s  umA2fs

PVP10

water

14112
14112
14112
14112
13671
14112
14112
14112
14112
14112
13671
13671
14112

127
n27
128
248
403
607
843
128
248
403
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843
ma7

11104
1123.7
1220
2326
3984
607.2
8400
1231
2366
3925
6124
8363
1109.8

Bias
um*2fs

abs()
<= 40

-16.6
-3.3
-6.0
-154
-4.6
02
-3.0
-49
-114
-10.5
54
-6.7
-17.2

Bias Percent Max B-Value Dependence SNR BO SNR B500

um*2/s

abs) <= 36 <2

-1.5
-0.3
-4.7
6.2
-11
0.0

-04
-38
-46
-26
09

-0.8
-1.5

1.47 (500, 1500)
0.60 (500, 1000)
8.41 (500, 1500)
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1.31 (500, 2000)
0.39 (1000, 2000)
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0.43 (1000, 2000)
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% (associated b-value pair)

>= 50
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65.1
792
69.8
106.6
976
1013
87.3
823

1316
1165
95.5
88.7

382
454
634
956
843
763
60.1
775
1150
1129
831
627
516

221
26.9
60.6

65.4
57.5
40.7
702
1028
936
64.3
434

um*2/sec
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Random Error wCV

%
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Supplementary Figure S2. The phantom data analysis reports using the clinical acquisition protocols.
The report comprises a table presenting ADC VOI (Volume of Interest) statistics and graphs include ADC
value vs. Axial position showcasing the ADC values of each vial at specific axial positions, NIST ADC
value vs. measured ADC value comparing NIST (National Institute of Standards and Technology) ADC
values with measured ADC values to assess the correlation between the two values, and NIST ADC value
vs. within-subject Coefficient of Variation (wCV) displays the relationship between NIST ADC values and
within-subject Coefficient of Variation (wCV). These analyses are conducted for four different MRI

systems: (A) Architect, (B) Ingenia, (C) Vida, and (D) Avanto.



ADC VOI Statistics

Label Contents # Voxels MIST Value Mean

Vial 1 - Limits

PR

water

water
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5706
5706
5706
5706
5706
5706
5706
5389
5706
5706
5706
5706
5706

um*2/s

1127
127

1127

um*2/s

10926
11038
201.0
282.3
401.5
570.7
806.4
1078
240.7
4234
571.2
8181
11102

Bias Bias Percent Max B-Value Dependence
umA2/s umnZ/s % (associated b-value pair)
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ADC VOI Statistics

Label Contents # Voxels MIST Value Mean Bias Bias Percent Max B-Value Dependence SNR BO SNR B1000 RC Random Error wCV
um*2/s um*2/s um*2fs um*2/s % (associated b-value pair) um*2/sec % %

Vial T - Limits abs() absf) <= 3.6 <2 >= 50 <= 15 <=36 <=

<=40 05

G) water 7608 1127 11173 97 -0.9 3234 2717 1.20 0.39 0.04
@ water 7608 127 10885 -385 -34 2270 1961 135 043 0.04
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@ VP10 7608 a43 835.7 -13 -0.9 2853 288.7 0.95 044 004
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ADC VOI Statistics

Label Contents # Voxels NIST Value Mean Bias Bias Percent Max B-Value Dependence SNR BO SNR B1000 RC Random Error wCV
umn /s um*2/s um*2fs umn2/fs % {associated b-value pair) umA2fsec % %
Vial 7 - Limits abs() abs() <=3.6 <2 >=50 <= 15 <=36 <=
<= 40 05
@ water 6340 127 11102 -16.8 -15 3803 2158 29 0.43 009
@ water 6340 127 11131 -139 -1.2 2409 154.1 1.15 0.62 0.04
@ PYP50 6340 128 1545 265 207 1359 1861 0.60 545 014
@ PVP40 6340 248 2589 109 44 289.7 3008 336 1.55 047
@ PVP30 6340 403 421.8 188 47 269.6 290.9 29 1.06 025
@ VP20 6340 607 6374 304 5.0 |12 3194 191 0.62 0.1
@ PVP10 6340 843 8592 16.2 19 4309 2837 325 046 014
@ PYP50 6340 128 1540 260 203 1063 1524 304 6,94 0.7
@ PVP40D 6340 248 2936 A58 184 2408 2608 113 174 0.14
PVP30 6340 403 4303 273 63 3337 3508 248 0.86 021
@ VP20 6340 607 649.7 427 70 3485 3030 0.62 0.60 003
@ PVP10 6340 843 8982 552 65 2328 2002 427 066 017
@ water 6340 127 11233 -37 0.3 3329 1992 373 0.44 012
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NIST ADC Value vs Measured ADC Value
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ADC VOI Statistics

Label Contents # Voxels NIST Value Mean Bias Bias Percent Max B-Value Dependence SNRBO SNRB1000 RC Random Error wCV
um*2/s um*2/s um*2/s um*2/s % (associated b-value pair) um*2/sec % %
Vial 7 - Limits abs() abs) <=36 <2 >= 50 =15 <=36 <=
<= 40 a5
@ water 7608 r 11187 83 07 1997 1414 3.4 079 0.10
@ water 7608 na7 11828 558 5.0 1606 1258 7.57 089 023
@ PVPS0 7608 128 1354 7.4 5.8 79.8 1256 417 10.95 1.14
@  eveao 7608 248 2674 194 e 1349 1824 471 347 0.64
& pveao 7608 403 4143 1.3 28 1661 197.9 4.0 1.80 0.36
@ PVP20 7608 607 606.2 -0.8 -0.1 167.7 1757 129 1.23 0.08
@ PVPIO 7608 843 848.5 55 07 180.0 1751 0.78 0.96 0.03
@ pvpso  7e08 128 1630 350 273 624 149.2 467 850 115
() pvedo 7608 248 2723 243 98 1290 1847 281 3.23 038
PVP30 7608 403 4234 204 5.1 2051 2429 6.26 147 053
G pvp2o 7608 607 6084 14 02 1783 1757 5.99 133 036
G2} pvPi0 7608 843 8683 253 3.0 1544 1412 6.45 108 027
@ water 7608 na7 1137.0 100 09 205.9 159.0 4.16 067 013

ADC Value vs Axial Position
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NIST ADC Value vs Measured ADC Value
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NIST ADC Value vs wCV
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